The epidemiology and control of Brucella melitensis in Malta was analysed using 
Introduction
Brucellosis, particularly Brucella melitensis infection, is an important zoonosis and may cause significant economic loss to livestock production (4) . Only B. melitensis biovar 1 has been isolated on the Maltese Islands, Malta and Gozo, while the presence of B. abortus has been suspected but never Farms in which more than 10% of the herd reacts positive to brucellosis testing are depopulated. Restocking of such farms may be undertaken after six months (13) , during which time disinfection of the farm is necessary. Catde for restocking are imported, while small ruminants are replaced from either government farm herds or imported stock.
An accreditation system* is in place which allots a status to each farm. Herds become 'accredited herds' after two negative tests at a three-month interval. These herds are tested at least once a year and after the 1995 outbreak were tested twice yearly. 'Herds on the way to becoming accredited' consist of herds that have been depopulated or have slaughtered reactors. 'Problem herds' constitute brucellosis reactor herds.
These are monitored closely to ensure that no animal movement takes place.
Brucellosis tests are carried out at the State Veterinary Laboratory. The Rose Bengal test (RBT) is the definitive brucellosis test in Malta, sometimes followed by the standard agglutination test (SAT). The complement fixation test (CFT) was introduced in January 1996. Milk delivered to the MDP is screened using the bulk ring test.
In addition, all ruminants slaughtered at the abattoir are screened using the RBT, which enables traceback and control of positive farms. This paper attempts to describe the epidemiology of brucellosis in Malta and the progress of the eradication scheme from 1986 to 1996.
Materials and methods

Data and field work
Herd test data as recorded by the VSD from 1986 to mid-1996 was entered and analysed using Microsoft Access® 2.0. The island of Gozo was considered separately in the analysis since it was regarded as disease free.
To complement information acquired through data analysis, interviews were conducted with farmers, the MDP, the dairy co-operative Kooperativa tal-Halib (KPH), the Public Health Services and the Microbiology Laboratory at St Luke's Hospital.
Characterisation of herds
The number of herds and type of animals in MDP and non-MDP groups were presented. MDP and non-MDP herds were characterised according to the type of livestock present.
Herds were categorised as cattle-only, small ruminants-only and mixed herds. The annual herd prevalence from 1986 to 1996 was estimated for each category. A frequency distribution of herd sizes and type of livestock was graphed.
Prevalence calculations
The husbandry and production systems of MDP and non-MDP herds are distinct and this was considered the primary stratification. These two groups were then characterised with respect to herd size and composition. Herd 
Seasonality
The seasonality of estimated herd and animal prevalences for MDP and non-MDP strata was considered. Brucellosis herd prevalence was estimated per aggregated month from 1986 to 1996. This was, calculated by dividing the number of herd tests with at least one reactor animal per aggregated month from 1986 to 1996 by the total number of herds tested per aggregated month for the same period. The significance of differences in aggregated monthly prevalence was tested using the chi-square test (20) .
Classical time-series
Classical time-series analysis was graphed to isolate three 
Human cases
The number of human cases reported each month to the Directorate of Public Health between 1986 and 1996 was listed and graphed. Variations in the number of identified human cases were compared with variations in estimated quarterly animal prevalence. Age groups of humans affected were also considered. Animal species found in MDP and non-MDP herds are shown in Figure 1 . Whilst 65% of MDP herds contain catde only ( Fig. la) , 86% of non-MDP herds consist only of small ruminants (Fig. lb) . MDP herds were found to be significandy larger ( Fig. 2a) than non-MDP herds (Fig. 2b) .
Results
Malta Dairy Products and non-Malta Dairy Products herds
In summary, results suggest that MDP herds, which are larger than non-MDP herds, are at higher risk of brucellosis (Table II) . The presence of small ruminants in a herd also leads to a higher risk of brucellosis (Fig. 3 ). (Table II) .
Herd and animal prevalence
Herd and animal prevalences from 1986 to 1996 are shown in Table II . Herd prevalence fell from 23% to 1% during this time. Animal prevalence was significantly higher in goats than in sheep and cattle. In 1995, for example, goats in MDP herds showed a prevalence of 9%, while cattle and sheep showed only 0.49% and 1.39% respectively. This trend is illustrated in the graph of quarterly MDP herd prevalence in Figure 4 .
Fluctuations in cattle prevalence appear to be dependent upon changes in goat prevalence. 
Fig. 2b Frequency distribution of herd sizes of non-Malta Dairy Products Limited herds
Stratification into MDP and non-MDP herds (Table II) shows prevalences to be consistently higher in MDP than in non-MDP herds. This would suggest that MDP herds are at a higher risk of brucellosis infection than non-MDP herds.
Estimated herd prevalences in cattle-only herds, small mminant-only herds and mixed herds from 1986 to 1996 in the MDP strata are shown in Figure 3 . Small mminant-only herds show the highest herd prevalence, followed by mixed herds and then cattle-only herds. In the peak of 1995, twice as many small ruminant-only herds were affected compared to other herd types. Analysis (not shown) of non-MDP herds showed similar trends (1).
Seasonality
Seasonality was adjusted for area, herd type and herd size, which were considered the main potential confounding factors. Seasonality remained defined even after adjustment.
Chi-square test results showed the difference in monthly values to be very highly significant.
Estimated herd prevalences for MDP ( 
Time-series
A time-series analysis for MDP herds is illustrated in 
The island of Gozo
Sporadic reactor herds have been identified by Pd3T on the island of Gozó. Only MDP herds seem to have been affected.
The last outbreak, on one farm in 1991, was traced back to movement of livestock from Malta.
Human cases
The brucellosis eradication programme appeared to have controlled brucellosis until an epidemic in 1995 affected almost 300 people. 
Discussion
The test and slaughter scheme
A programme of test and slaughter should resuit in a rapid reduction in brucellosis prevalence (17) . Following implementation of the scheme in Malta, herd prevalence in MDP herds was reduced from over 23% in 1987 to below 15% in 1989 (Table I ). The decreasing secular trend in prevalence determined from the time-series analysis (Fig. 6) also indicates the progress of the brucellosis eradication scheme. Time-series analysis of non-MDP herds is not illustrated here but showed similar trends (1).
Testing of non-MDP herds was introduced in 1989 and by 1992, overall prevalence in MDP and non-MDP herds had fallen to below 1%. However, herd prevalence was evidently much higher in MDP herds than in non-MDP herds (Table I) which tended to articially reduce overall estimated herd 
Time-series analysis for estimated herd prevalence in Malta Dairy Products Limited herds from 1986 to 1996
positives are identified and slaughtered before they are able to abort. Notification of abortion would facilitate detection of infected herds, especially as brucellosis prevalence is reduced to a low level (15) . Laboratory facilities for investigation of abortions would be required.
Brucellosis prevalence appears to be either very low or zero in
Gozo, but at the time of this study, the island was not yet declared free under the standards of the Office International des Epizootìes.
Movement control
Although movement control is enforced, it is not entirely effective. Complete control remains difficult especially when single animals are moved, for example in the brucellosis case identified on the island of Gozo in 1991, which was traced back to purchase of cattle originally from the island of Malta.
Abattoir screening
Abattoir screening is used as another indicator of prevalence.
Analysis requires careful interpretation because in Malta not
all sheep and goats are slaughtered at an abattoir. Selection bias regarding breeds and age groups also exists. This method DÌ monitoring becomes more valuable when prevalence is very low (17) .
Tests used and identification of Brucella
Throughout the entire eradication scheme, the RBT was the principal test used. The early rapid drop in prevalence showed that the RBT was adequate at the beginning of the scheme (Table I ).
In Malta, the RBT is used as a definitive test. The CFT was introduced to the Maltese islands in January 1996, hence during this study, CFT testing was in the preliminary stages, but was planned to be established as the confirmatory test for serial testing within the test and slaughter programme using RBT and CFT. However, some authors report that RBT has a lower sensitivity than CFT (6, 9, 11), although others argue that given appropriate antigen and antigen concentration, the RBT is more sensitive (7) . Sensitivity may be compromised by large numbers of chronically infected animals (6). 
Identification of herds and individual animals
Identification of herds and individual animals is essential for the success of a test and slaughter programme (15, 17) . The discrepancy between the number of herds identified and the actual animal population decreases the accuracy of prevalence estimates.
Milk and milk products
Goat milk presents the highest risk to public health because of the high prevalence of brucellosis in this species. Paying a premium price for goat's milk would encourage fanners to register goat herds with MDP, and ensure pasteurisation of milk.
No specific quotas exist for small ruminant milk, which may be added to cow milk quotas. Quotas are expensive for small herds. If small ruminant milk were accepted by the MDP without being included in the quota system, farmers would be encouraged to deliver this milk to the MDP separately.
Pasteurisation of milk kills Brucella, however, failure in the pasteurisation plant would increase the risk of human infection through large-scale distribution of infected milk, especially since brucellosis prevalence is highest in MDP herds.
Product control, including monitoring of pasteurisation and cheese production and enforcement of labelling and packaging from home dairies, is now being co-ordinated by the VSD, the Directorate of Public Health, the Agricultural Department and the Department of Consumer Affairs.
Risk factors
Results suggest that MDP herds are at higher risk than non-MDP herds and that larger herds and herds including small ruminants are more prone to the occurrence of brucellosis. A multivariate analysis should be performed on data in the future to clarify the hypothesised risk factors more accurately.
The characteristics of MDP and non-MDP herds are different with respect to herd size (Fig. 2) , species of livestock ( Fig. 1) and objectives of milk production. Intensive husbandry, associated with larger herds, would increase intra-herd transmission (15) . Turnover of stock is also greater in the larger, more commercial herds, increasing the risk of introducing an infected animal. Targeting larger herds more intensively may assist in the control of brucellosis.
Stratification of herds according to livestock types (Fig. 3) demonstrates that small ruminant herds have the highest prevalence and cattle-only herds have the lowest prevalence.
Mixed herds fell between the two, suggesting that small ruminants posed a risk to cattle herds. The VSD and KPH discourage mixed herds.
Brucellosis prevalence in Malta is higher in goats than in sheep (Fig. 4) The season of goat parturition coincides with the first peak.
Although it is difficult to be certain, the antibody rise associated with parturition may account for the peak in detection (16) . The second peak may be associated with new infections; animals may become infected during the peak kidding season and subsequently show detectable antibodies after one to two months incubation (3). Sheep parturition also falls at the time of the second peak, this may increase detection of infected animals.
Goats in Malta have significantly higher brucellosis prevalence than sheep, although sheep milk is preferred in traditional cheese production. Fresh traditional cheese would be a seasonal commodity if production were reliant on the availability of sheep milk. In fact, when sheep lactation is low between April and August, the proportion of goat milk used for traditional cheese production is increased. This may relate to seasonal patterns in human brucellosis incidence (Fig. 4) and the correspondence with brucellosis prevalence in goats.
Patterns of seasonality may be used to focus testing at times of increased risk. Strict hygiene on farms, milk product control and public awareness could be intensified at this time. Although public awareness of brucellosis in Malta is high, sixteen additional human cases were identified after the testing of family members of brucellosis patients.
Motivation of farmers
Under-reporting of human brucellosis cases has also been experienced in other countries (2, 10, 14) .
The 25-to 34-year-old age group seems at increased risk of brucellosis in Malta, probably as a result of occupational infection. This overlaps with the age group most at risk in 
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Epidemiología y control de la brucelosis en rumiantes en Malta de 1986 a 1996
B. Abela En 1987, los rebaños bovinos registrados con la empresa Malta Dairy Products Limited (MDP) exhibían una prevalencia de rebaño del 23%, cifra que había caído a menos del 1,5% en 1993. En 1995 la prevalencia ascendió hasta un 13%. Los rebaños que no suministraban leche a la MDP presentaban una prevalencia inicial del 4%, que bajó hasta menos del 1% en 1994, y en 1995 permanecía por debajo del 2%. La epidemia de 1995 causó aproximadamente 300 casos de brucelosis humana. Los rebaños bovinos de gran tamaño y los que contenían pequeños rumiantes presentaban mayor riesgo de brucelosis. Había diferencias estacionales muy marcadas. Para acelerar la erradicación de la brucelosis en Malta será necesario sensibilizar a los productores y velar con más rigor por el cumplimiento de la normativa.
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